| INTRODUC TI ON
The wild species of genus Oryzais regarded as valuable resource for rice improvement because of its high genetic diversity (Brar, 2003; Sun, Wang, Li, Yoshimura, & Iwata, 2001 ). Application of wild rice to breeding programs can facilitate adaptation to climate change and meet the demand for food security in the face of rapid world population growth (Henry, 2016; Henry et al., 2010; Mickelbart, Hasegawa, & Bailey-Serres, 2015; Moner et al., 2018) .In this context, Oryza rufipogon and its relatives can provide a rich repository of genes and alleles for potential utilization in rice improvement with the help of genomics-assisted breeding. Such studies can provide specific insight into natural genetic resources that can be preserved and utilized efficiently.
The wild rice species Oryza rufipogon Griff. is a common perennial known to be the progenitor of the Asian cultivated rice species, O. sativa L. (Oka, 1988; Vaughan, 1994) . Many valuable genes conferring resistance to major biotic and abiotic stresses are being introduced into improved varieties (Brar & Khush, 1997; Ram, Majumder, Mishra, Ansari, & Padmavathi, 2007; Xiao et al., 1996; Yuan, Virmani, & Mao, 1989) , for example, resistance to bacterial leaf blight (BB), brown plant hopper (BPH) and tungro virus, tolerance to aluminum toxicity, sulfate soil, and so on. Despite these advantages of wild rice, it is under serious threat and facing extinction due to ecological changes and human disturbance. Hence, effective conservation of this wild rice has become an urgent priority in many countries (Akimoto, Shimamoto, & Morishima, 1999; Gao, Zhang, Zhou, Gre, & Hong, 1996; Zhou, Chen, Wang, & Zhong, 1992) .
The Mekong Delta, Vietnam, where the Mekong River flows out into the East Sea, has been considered a "biological treasure trove."
The delta shows high biodiversity of fauna and flora with 1,068 new species having been discovered (Fantz, 2008) . According to the FAO database (FAOSTAT: http://www.fao.org/faostat/en/#home), the regional yield of paddy rice ranks 23rd in the world, but 6th in terms of production quantity, in view of the multiple cropping system made possible by the rich soil and abundant constantly available water resources. The area is also rich in wild rice species such as O. rufipogon, O. nivara, and O. officinalis. The delta is also the biggest rice granary in the country, playing a pivotal role in food security and accounting for more than 50% of total production, making Vietnam the second largest rice exporter in the world (Buu & Lang, 2007; Gephart, Blate, McQuistan, & Thompson, 2010; Ti et al., 2003) .
Because it is a rich source of not only wild rice species but also rice landraces, the Mekong Delta is considered to be one of the most important rice gene pools in the country (Buu, 1994 (Buu, , 1996 Xuan, 1975) . The wild species of rice are widely distributed from upstream to downstream in the delta and their perennial nature makes them different from those in neighboring Cambodia (based on our field observation). Annual type is predominated around Phnom Penh area, whereas a few perennial populations were reported (Orn et al., 2015) . Perennial type could be observed but became extinct because of the size and drastic infrastructure development. These wild rice are widespread along the river and channel systems in Mekong Delta, as well as occasionally in rice fields or marshes; particularly (Buu & Lang, 1997 . As a result, many useful accessions have been exploited for rice improvement over the last few decades, mostly to improve resistance to the brown plant hopper and blast, and tolerance to phosphorus deficiency, aluminum toxicity and acid sulfate soil (Buu & Lang, 2003; Nguyen et al., 2003) .
Although genetic variation of O. rufipogon in Vietnam has been studied, nucleus in genetic and maternal diversity has not yet been elucidated adequately (Cai, Wang, & Morishima, 2004; Ishii et al., 2011) .
Molecular markers have provided a powerful tool for studies of genetic diversity among crop species (Gao, 2004; Olsen & Schaal, 2001; Song, Xu, Wang, Chen, & Lu, 2003) , clarifying details of population structure and genetics, and having a significant impact on in situ conservation management (Barbier, 1989; Cai et al., 2004; Ishii et al., 2011; Kaewcheenchai et al., 2018; Wang et al., 2012) . In fact, such data can be sampled efficiently from natural populations to monitor the transition of population structures in nature (Gao, 2004; Gao, Shaal, Zang, Jia, & Dong, 2002; Orn et al., 2015; Qian, Tianhua, Song, & Lu, 2005; Wang et al., 2012) . Since the complete chloroplast (cp) genome became available, cytoplasmic molecular tools have also been developed to clarify evolutionary processes (Chen, Nakamura, Sato, & Nakai, 1993; Kano, Watanabe, Nakamura, & Hirai, 1993; Kim et al.., 2015; Masood et al., 2004; Sotowa et al., 2013; Takahashi, Sato, & Nakamura, 2008) . Complete cp genomes are becoming easy (Wambugu, Brozynska, Furtado, Waters, & Henry, 2015; Waters, Nock, Ishikawa, Rice, & Henry, 2012) .
The aims of the present study were to clarify (a) the genetic diversity of O. rufipogon in the Mekong Delta by using nuclear and cy- Table A1 ).
A core collection derived from the National Bio-Resource (NBR)
Project in Japan (Nonomura et al., 2010) and 85 Thai wild rice accessions were also applied for verification (Kaewcheenchai et al., 2018 Table A2 ).
| Mitochondrial genome markers
A wild rice accession from the Can Tho population was subjected to next-generation sequencing to obtain resequencing data against the mitochondrial genome. Details of the NGS protocol have been reported previously (Waters et al., 2012) .
Mt-INDEL-327994-forward (agaatggtggaatctggtcaatctccatc)
and mt-INDEL-329823-reverse (attggatagtgatctcgggcacgagtgg)
were used to detect one deletion. Nondeletion type of the PCR product would be 1,830 bp and deletion type 1,131 bp in size.
Another presumed deletion included orf153 in the mitochondrial genome. The presence or absence of PCR products was used to detect the orf153 deletion with r-Taq (NEB Co. Ltd., Japan) using the primers orf153f:GTCTAGGGCTTCATCTTATGCC (forward) and CTAAGAAATCAGTAGAAATCGGG (reverse) which makes a 460 bp amplified product in Nipponbare mitochondrial genome (NC_011033).The PCR conditions were preheating at 94ºC for 3 min, 30 rounds at 94ºC for 10 s, 55ºC for 30 s and 72ºC for 30 s, and 72ºC for 5 min. The PCR products were then subjected to 0.8% agarose gel electrophoresis in 0.5 × TAE buffer because of the expected size of amplicons.
| Molecular markers
Eight chloroplast INDELs (cpINDELs) developed in our previous study (Kaewcheenchai et al., 2018) were used to trace maternal Kaewcheenchai et al. (in press ).
F I G U R E 2 Compositions of maternal lineages among the Dong Thap, My Tho, and Intermediate populations lineages. Twenty nuclear SSR markers were applied to evaluate genetic diversity (Table 1) . PCR products were amplified using a basic cycle of preheating at 94ºC for 3 min, followed by 30 rounds of 95ºC for 10 s, 55ºC for 30 s, and 72ºC for 30 s, and postheating at 72ºC
for 5 min with Thermopol Taq polymerase (NEB Ltd., Japan). The amplified DNA fragments of both chloroplast and nuclear were mixed with a loading dye for electrophoresis on 6% denaturing polyacrylamide gel at 1,500 V for 2 hr in 0.5 × TBE buffer. The gels were then visualized by silver staining (Promega Co., Japan).
| Data analysis
The data were subjected to principal component analysis using 
| RE SULTS

| Chloroplast genome variations (maternal lineage)
In order to trace maternal lineages of wild rice along the Mekong river, eight chloroplast (cp) INDELs were genotyped. Only cpINDEL5
was monomorphic among all of the accessions collected in Vietnam.
Remaining cpINDELs represented alternative genotypes except for cpINDEL3 carrying multiple alleles. These allelic combinations were used to identify different chloroplast types as plastid types (Appendix Table A3 ). 
| Tracing maternal lineages with unique deletions in the mitochondrial genome
Resequencing of the mitochondrial genome yielded two absence/ deletion markers, which were confirmed by PCR amplification In order to clarify the mitochondrial rearrangement, a flanking probe was used. This showed that two accessions in the P75 subpopulation exhibited polymorphism relativeto Nipponbare and W0106, suggesting that a highly complex rearrangement may have deleted orf153 in the P75 subpopulation.
All wild accessions from the Mekong Delta were screened for both mitochondrial INDEL markers, and this revealed that the two deletions were present in a single maternal lineage (Figure 4 ). This was a feature in all four populations and all accessions from the Can Tho population. In addition, only two accessions at Dong Thap shared these deletions but not in others in the CLRRI collection (Table 3 ). All accessions carrying the deletions corresponded to a particular plastid type, Type 15.
| Genetic diversity and phylogenetic relationships evaluated using nuclear SSR markers
Genetic diversity was estimated using 20 SSR markers (Table 4) 
| D ISCUSS I ON
Previous studies have attempted to characterize and exploit wild rice species in the Mekong Delta without investigating their origin, or clarifying genetic variations among them (Buu, 1996; Buu & Lang, 2007; Lang et al., 2012) . The present study focused on genetic variation in O. rufipogon specimen collection along the Mekong River and attempted to know how they distribute along the river system by using maternally inherited markers. The unique genetic resource in In contrast to the unique population in Can Tho, high genetic variation was found in the upstream area, at Dong Thap. This higher variation allowed a breeding program that successfully created AS996, carrying higher acid sulfate tolerance (Can & Lang, 2007; Khush & Virk, 2005; Lang et al., 2012) . This higher degree of diversity might be due to ecological factors that have a great influence on genetic differentiation among wild rice populations (Orn et al., 2015 Our assessment of the genetic diversity would be available to collect valuable resources efficiently before they would be extinct.
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